Introduction
Malignant lymphomas are a heterogeneous group of malignancies of the B cells or T cells that usually originate in the lymph nodes, although they can originate in any part of the body [1] [2] [3] . However, extranodal lymphoma (ENL) in the muscles as an isolated manifestation is very rare, accounting for 1.5-8.3% of non-Hodgkin lymphoma (NHL) cases [4] [5] [6] . Clinically, the presence of cortical bone destruction in association with large soft-tissue masses arising in the skeletal muscle, favors the diagnosis of soft tissue sarcoma, malignant musculoskeletal tumor such as malignant fibrous histiocytoma (MFH), malignant neurogenic tumor (MPNST) or metastasis rather than malignant lymphoma [3, 4, 7, 8] .
Despite advances in imaging devices over the past decade, accurate diagnosis of soft tissue tumors remains a challenge for clinicians, requiring a close team approach between the surgical oncologist, musculoskeletal radiologist and pathologist. Here we present a rare case of extranodal lymphoma originating in the gluteal muscle, with aggressive bone erosion, indicative of primary bone involvement. We believe that our case adds an important piece of evidence to the clinically relevant problem of appropriate diagnostic strategy for an unusual presentation of malignant lymphoma.
Case report
A 52-year-old female with a 3-week history of progressive left gluteal pain was referred to our outpatient surgical department. She was previously healthy but had a history of night sweats and weight loss over the prior 2 months. Upon physical examination, a large firm mass was observed in the left buttock, with no inflammation of the skin. No peripheral lymphadenopathy was detected despite thorough examination of the whole body. Standard biochemistry and hematology studies revealed normal results, except for mild elevation of serum lactic dehydrogenase (LDH) and C-reactive protein (CRP). Contrast-enhanced computed tomography (CT) scan of the pelvis revealed a non-uniformly early enhancing mass, approximately 51 × 64 mm in size, in the left gluteal muscle (Fig. 1A) . The tumor demonstrated central necrosis and adjacent bone involvement, with destruction of the sacroiliac joint (Fig. 1B) . CT scan of the chest showed patchy consolidation in the lower lobes of both lungs. Fluorine-18 fluorodeoxyglucose positron emission tomography ( 18 F-FDG PET)/CT demonstrated a large area of increased 18 F-FDG uptake in the left gluteal musculature [maximum standard uptake value (SUV max ) = 34], the posterior aspect of the left ileum and the sacrum ( Fig. 2A) . Whole-body 18 F-FDG PET/CT identified intense 18 F-FDG uptake by the para-aortic and mediastinal lymph nodes, and faint scattered 18 F-FDG uptake by both lungs (Fig. 2B) . Based on these findings, the clinical and radiographic differential diagnosis was soft tissue sarcoma, malignant lymphoma or metastasis derived from small cell carcinoma of the lung. We then proceeded with an open biopsy of the left gluteal mass for further diagnosis and treatment planning. Pathological studies of the specimen demonstrated dense and diffuse infiltration and proliferation of large atypical lymphoid cells, accompanied by small lymphocytes (Fig. 3A) . Immunohistochemical studies showed that the large atypical lymphoid cells were positive for LCA, CD20 and bcl-6, and were negative for cytokeratin, S-100, alpha-SMA and bcl-2 (Fig. 3B) .
Further, approximately 45% of the large atypical lymphoid cells were positive for MIB-1(Ki-67). Thus, from these results, we diagnosed diffuse large B cell lymphoma (DLBCL) of the left buttock. After staging work-up, including bone marrow biopsy, the patient was finally diagnosed with stage IV DLBCL, low-intermediate risk of the international prognostic index (IPI). Immediately after diagnosis, the patient has received 8 cycles of R-CHOP chemotherapy, and as a result the mass in the left gluteal muscle has completely disappeared (Fig. 4A, B) . The patient achieved complete remission after chemotherapy and is currently under the regular follow-up evaluation.
Discussion
Malignant lymphomas in the musculoskeletal organs are predominantly a manifestation of disseminated lymphoma [3, 4] . Common sites for the development of ENL are the skin, head, neck and gastrointestinal tract; primary lymphoma of the skeletal muscle is extremely rare [1] [2] [3] [4] . To date, only a few cases of malignant lymphoma originating in the gluteal muscle have been reported in the English literature [5, 7, 9, 10] . Textbooks present the common aspects of ENL in detail, but the published literature on the unexpected manifestations of NHL, such as soft tissue masses invading adjacent structures, is inadequate. These tumors can have an atypical presentation, which can lead to diagnostic difficulty.
The most meaningful radiologic features of ENL affecting the musculoskeletal system are permeative lytic destruction, although mixed lytic and blastic (sclerotic) lesions have been reported [3, 11, 12] . Patients with primitive or poorly differentiated tumors were more likely to have bone involvement than patients with well differentiated lymphomas [12] . Although the compartmental location of a lesion usually provides a differential diagnosis, the intrinsic imaging characteristics, including signal intensity, often add specificity. While CT is a useful modality for assessing soft tissue masses, disruption and injury of the surrounding tissues, periosteal reaction and sequestration [2, 3, [11] [12] [13] , it has some limitations in terms of staging of the disease, because of its low sensitivity in detecting lymphomatous involvement of normal-sized lymph nodes, bone marrow and spleen [13, 14] . A recently published systematic review article showed that PET/CT fusion is superior to both CT alone and PET alone in the initial staging and restaging after treatment [15] . Regarding extranodal involvement, the sensitivity and specificity were 88% and 100% for PET/CT and 50% and 90% for contrast enhanced CT, respectively [14] . A previous study in NHL patients reported that the disease was up-staged by PET/CT in 31% (mostly in stages I and II) and down-staged in only 1% of patients compared with CT alone. As a result, the treatment strategy was modified in 25% of patients according to CT versus PET/CT findings [16] . Although its diagnostic efficacy for indolent lymphoma remains unclear, PET/CT can serve as a standard imaging modality for the detection of unexpected extranodal sites of disease, or for exclusion of disease in the presence of nonspecific extranodal CT findings [2] [3] [4] 11, 13] .
In addition to imaging studies, a definitive diagnosis of lymphoma requires histological examination of the specimen. For ENL patients, DLBCL is among the most common histological types, with expression of pan-B-cell markers, such as CD20 [1, 17, 18] . DLBCL often shows a rapid growth pattern and typically presents as large destructive masses that may infiltrate and invade adjacent structures [1, 17, 18] . In a recent report which analyzed NHL patients, the relationship between SUV max on 18 F-FDG PET and disease aggressiveness was evaluated [19, 20] . For patients with DLBCL, the 3-year progression-free survival rates for patients with low and high SUV max were 90% and 39%, respectively, indicating that low SUV max is a good independent prognostic factor [20] . Therefore, 18 F-FDG PET is a useful imaging modality to study the hallmarks of progression of the disease and its response to treatment [19, 20] .
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